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(W) SURFACE LIGHT SOURCE 
(57) Abstntet: 

PROBLEM TO BE SOLVED; To «mrt whit* Uqht as wed as 
light of artoftrary color via a iignt emrrang o/oae by jointing a 
light source and a light introduction piste via a waveiength 
convener having a fluorescent matsnai. 

SOLUTION: ugnt emmed from the LEO lamp 2 of a light 
«ource is introduce to space within a light introduction 
ptatft 1 via the joint thereof with the light source, ana tetany 
reflected in a planar direction, thereby adoring 
fumfnesuBHw to be observed from a principal plane in mo 
case, the light source and (he introduction plat* 1 axe 
joints tp «acrt other via a wsvoiongtn convener 4 ha vino a 
fluorescent material Thus, a parr at Bght emitted from me 
lamp 2 is absorbed by the fluorescent material of the 
conv * ft * f « and at *ie nmi time, converted h wavolength 
for emtssion. Thereafter, the Bght is introduced 10 the plate 
1. Cofwequantfy, the color tone of synthesized 
luminescence composed of tfia luminescence of the lamp 
2 and fcmnescence converted vwth the converter 4 can be 
observed: from a luminescence observation oianc. 
AftemaBvely. when lieht from the lamp 2 is all converted 
with the converter 4, the color tone of onry luminescence 
converted therewith can be observed. Furthermore, whan 
a high Intensity due LEO is used as the LED lamp Z the 
luminescence thereof inducing white color can be 
convened to a desired color tore. 
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f CLAIMS] 

[Claim I] A sheet-like light source characterized in that a light source comprised of 
LED lamps 2 attached to a supporting body 3 and a light introducing plate 1 are 
connected to each other via a wavelength converter 4 comprising fluorescent substances 
which generate fluorescence by being excited upon irradiation of tbe LED lamps 2. 
[Claim 2] A sheet-like light source which is a sheet-Iike light source characterized in 
that a light source comprised of LED lamps 2 attached to a supporting body 3 and a light 

introducing plate 1 are connected to each other via an elastic body, wherein the elastic 

body is comprised with fluorescent substances which generate fluorescence by being 

exciled upon irradiation of the LED lamps 2. 

[0001] 

[industrial Field of Application] The present invention relates tea sheet-like light 
source employing LEDs for use as a back light of a display or an operating switch of 
lighting type. 
[0002] , 

[Prior Art) LEDs arc being paid attention to for use as shect-Iikc light sources such as 
back lights for thin-type display apparatuses such as liquid crystal displays. A light 
source employing LED lamps serves as a sheet-like light source by introducing light 
from the LED lamp from an end surface corresponding to a thickness direction of a light 
introducing plate and by entirely reflecting the light in a surface direction. The 
thickness of the light introducing plate is generally small, ranging from 2 to 5 mm, and 
light is introduced iato the light introducing plate by embeddi^ the LED lamps into the 
end surface of me thin light introducing plate or by closely adhering the lamps via a 
supporting body qr similar. 

[0003] Generally, light irradiated as a back light of a liquid crystal display is mostly of 


1 


white color. However, though LEDs of three primary colors were forced to be aligned 
at geometrically Mortal positions on a same pl, ne for achieviag irradiation of ^ 
light by employing LED lamps « a light source, an uaifonD white Jighl SOuw CDuJd oo{ 

be achieved since these LEDs are viewed at a contiguous position when used as a back 
light. 

[0004] In view of the above fact, wc hove proposed in Japanese Patent Application No. 
5-318276 (1993) a LED sheet-like light source capable of irradiating white light by 
employing high tamtaae. blue light LED lamps as a light source and converting light 
tones of luminescent colon. Tins shcet-Iike light source comprises a fluorescence 
scattering layer on either of mam surfaces of a light introducing flate on which there axe 
mixed fluoresce* substances which generate fluorescence by being excited upon 
irradiation of blue light LEDs and white powder for scattering the fluorescence, wherein 
irradiation of light of arbitrary colors can be achieved by performing wavelength 
conversion of a pan of the irradiation of the blue light LEDs through the fluorescence 
scattering iajxr. 

[0005] We have also proposed in Japanese Patent Application No. 6-134763 (1 994) to 
perform wavelength conversion o f irradiation with a sheet-like lig* source employing 
blue light LED lamps as a light source by forming a film, which comprises fluorescent 
substances chat generate fluorescence by being excited upon irradiation of blue light 
LEDs. on an irradiation observation surface of a light inducing plate. The provision 
of a fluorescent layer on an attachable/detachable film in the sheet-like light source 
enables it to readily change iight tones by simply changing a film on which the 
fluorescent layer is fanned. 
[0006] 

[Problems to be Solved by the Invention] However, in the conventional sheet-like 


r 


light source * disced in 4 . bove Japancse PatMt Applicat . on 6 i34763> ^ ^ 

comprising the fluoresce substances the, oa needed to be proved of the entire 
in**** observe surface of the ]ight ^ ^ ^ fa ^ ^ ^ ^ 

the light introducing plate w as ?et to be large, the fluorescent love, needed to be made 
l«K* to suit ft* light introducing plate. Further, since li ght5 of the fluore5CW ^ 
were «. on the irradiation observation surface also in e«e the LED lamps we* 
switched OFF. drawbacks were presented in that its external appearance was 
unattractive and also misleading. 

r00071 Though it is possible to achieve a s „eet.like light source that is capable of 
irradiating Hgh, of arbitrary colors by convening radiating wavelengths of blue light 
LED*, it is being wanted for another sheet-like u& S0UfCC wbi ch js capaWe Qf 
irradiating ligh t of arDitrary colors ^ fey ^ ^ ^ ^ ^ 

purpose of the present invention to provide for a sheet-l*e Ught source which is capable 
of solving tht above and realiziijg & ^ ^ ^ ^ ^ 

irradiating white light by using LEDs which is a sheet-like light source capable of 
observing ^ l>T , diation of ]i5ht o£ wh . te nbitt ^ ^ ^ ^ 

thesameforuscas.b^Hg^orv^^^^^ 

of LEDs which are of superior reliability. 

[0008] 

[Means for Solving ,he Probes) The sheet-,** Ug ht source of ^ ^ 
» characterized in that a Ught source comprised of LED lamps 2 attached to a 
supposing body 3 and a light introducing plate 1 „ connects to each other via a 
wavelength convener 4 comprising fluorescent substances which generate fluorescent 
by being excited upon irradiation of the LED lamp 2. 

[00091 The wavelength converter 4 comprising fluorescent substances may, for 
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Stance, be a waving* convening sheet w„ ica may be arranged by applying 
fluorescent substances on a surface of a Him, and this wavelength ^ fa ^ 

to suit a si« of a connecting surface of ^ Jlght source ^ ^ ^ ^ 
hereupon the light source and the light introducing piate are connected with this sheet 
interposed between. The fluorescent substance for convening wavelengths of 
irradiation from the light source may be fluorescent bodies, fluorescent pigment or 
fluorescent dyes. While the fluorescent substance may be either inorganic or organic, 
organic fluorescent substances are not preferable since tight tones are apt to be varied 
owing to electrophoresis generated through a direct current electric field. 
[0010] The hght introducing plate may be, e.g. of acrylic resin or polycarbonate. The 
supporting body may be of a material presenting favorable reflective efficiency such as 
*hilc polycarbonate, PBC or ABS. 

■1001 If Another sheet-like light source according to the present invention is a sheet, 
like light source characterized in that a light source comprised of LED Iamps 2 attachcd 
* - ^porting body 3 and a light introducing piate 1 are connected to each other via an 
clastic body, wherein the elastic body is comprised with fluorescent substances which 
generate fluorescence by being excited upon irradiation of the LED lamp 2. 
[0012J We have disclosed in Japanese Patent Application No. 7-132543 (1995) a 
method for connecting a light source and a light introducing plate wu* „ eJastic bodv 
be,ng interposed between. Since this elastic body is further comprised with fluorescent 
substance for generating fluorescence by being excited upon irradiation of LED lamps in 
the present invention, the irradiation from the light source can be efficiently introduced 
into the light introducing plate by employing this elastic body,.^ moreover, to 
effectively perform wavelength co n v„ s i OD of irradiation from the light source by 
through the fluorescent substances contained in the elastic body! 
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[0013] While the elastic body is not especially limited, resin or rubber capable of 
transmitting irradiation from the LED lamps are used, wherein preferably used items are 
both-sided tapes applied with adhesive on both surfaces of an elastic base material or 
clear adhesives presenting elasticity also after adhesion. For making such elastic 
bodies comprise the fluorescent substances for converting wavelengths, various methods 
may be taken such as kneading the substances into base materials suc h as silicon, acrylic 
foam or PET, or by mixing them into the adhesive. 
[0014] 

[Action] light that is irradiated from the LED lamps which comprise the light source 
in introduced into the light introducing plate from the connecting portion between the 
light source and the light introducing plate and is entirely reflected in a surface direction 
so that irradiation is observed from a main surface side. As shown in Fig. 1, the sheet- 
like light source of the present invention is arranged in that the light source and light 
introducing plate 1 arc connected via the wavelength converter 4, a part of the 
Nation that has been irradiated by the LED lamps 2 which comprise the light source 
i* adsorbed by the fluorescent substances of the wavelength convener 4. simultaneously 
converted in wavelengths and irradiated, whereupon it is introduced into the light 
introducing plate I. ' Thus, it can be observed from the irradiation observing surface 
side irradiation of light tones obtained by symhesiring irradiation of the LED lamp* 2 
and irradiation that has been converted through the wavelength converter 4. 
Alternatively, by convening all of the light from the LED lamps 2 through the 
wavelength convener 4, it is also possible to observe light tones of convened irradiation 
only. Moreover, by employing high luininance blue light LEDs, the irradiation may be 
converted into arbitrary light tones usiog fluorescent substances such as fluorescent 
bodies, fluorescent pigments or fluorescent dyes. 


{0015] While a fluorescent layer comprising fluoresce substances needed to he 
provided over an entire irradiation observing surface of a light mtroducing plate in a 
conventual shcct-likc light source, fluorescent substances are formed only at the 
connecting surface between the light source and the light introducing plate in the sheet- 
tike light source of the present so that the amount of fluorescent substances which are 
employed as wavelength converting materials can be remarkably decreased, leading to 
an advantage that costs may be decreased. 

[0016] Moreover, while colors of fluorescent substances were seen on an irradiation 
observing surface also when LED lamps were switched OFF i„ a conventional sheet-like 
tight source, this problem could be solved in the sheet-like light source according to the 
present invention S0 that an attractive external appearance can be obtained when the 
lamps arc turned OFF. 

[0017] Further, since the light source and light introducing plate are connected to each 
other with the elastic body being interposed between in the sheet-like light source of the 
present invention, irradiation of the light source can be efficiently introduced into the 
tight introducing plate by the action of the elastic body. While connection of the light 
source and light introducing plate wa, performed through methods such as butting or 
filling adhesion using an adhesive, in case the connecting surface of the light source or 
that of the light introducing plate w. s not a smooth specular surface but was formed to 
be concave or convex, spaces were generated at the connecting surfaces causing airy 
layers being formed between the light source and the light introducing plate, and thus 
leading to degradations in introducing efficiencies of light. However, by performing 
connection with the elastic body being interposed between, the elastic body. acts as a 
cushion which fills spaces mat are formed between the light source and the light 
introducing plato so that airy layers can be prevented and irradiation from the light 


6 


source can be efficiently introduced into the light introducing plate. Additionally, 
adhesion failures such as leakage of adhesive which were problematic in case 
connection was performed by Glling adhesion using an adhesive can be eliminated and 
there is neither a fear that bubbles may be intermingled. 
[0018] - ■ y 

[Embodiments) The sheet-like light source according to the present invention will 
now be explained based on embodiments, It should however be noted that the 
following embodiments are tor illustrating examples for embodying the present 
invention and that the present invention is not limited to the following descriptions. 
{Embodiment lj Fig. I is a perspective view showing the sheet-like light source of the 
present invention. A light introducing plnte was manufactured by screen printing a 
scattering pattern onto a rear surface of an acrylic plate. Thereafter, a light source was 
manufactured by fixing a plurality of high luminance blue light LED lamps 2 at equal 
intervals to a whitcpolyearbonaie supporting body 3. 

[0019] Then, a wavelength converter a, was formed by forming a fluorescent layer on a 
film surface. The fluorescent layer was formed by applying a mixture of fluorescent 
pigments including red fluorescent pigment (FA-001, manufactured by SH1NROM 
KAGAKTJ) and green fluorescent pigment (FA-005, manufactured by SHINROIHI 
KAGAKU) at equal ratios which was dispersed into an acrylic group binder. 
[0020] The sheet-like light source was obtained by connecting the light introducing 
plate 1 and the supporting body for the light source via the wavelength converter 4 as 
shown in Fig. 1. By switching the blue LED lamps 2 of the sheet-likc light source ON, 
white sheet-like irradiation could be obtained from an irradiation observing surface of 
the light introducing plate 1. 

[0021] [Embodiment 2] The light introducing plate 1 and light source were 
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manufactured similarly to those of Embodiment 1. Then, yellow irradiation 
^orescent bodies (NP-204, manufactured by NICHIA) were mixed into a a adhesive 
that presented elasticity also after adhesion. Tnen, connection of the light introducing 
plate I and the light source was performed by using the elastic adhesive containing the 
fluorescent bodies therein instead of the wavelength converter 4 of Embodiment I to 
obtain ihe sheet-like light source. By switching the blue LED Ivnpt 2 of the sheet-like 
light source ON, yellow-green sheet-like irradiation was achieved from the irradiation 
observing surface of the light introducing layer 1 . 
[0022] 

[Effects of the Invention] As explained so far, since the light source and the light 
introducing plate are connected with fluorescent substances for convening wavelengths 
of irradiation from the light source being interposed between in the sbcct-like light 
source of the present invention, irradiation from the LEDs can be more efficiendy 
converted b wavelengths. Thus, irradiation of light of arbitrary colors including while 
can is enabled depending on the type of fluorescent substances used. » Further, since 
the wavelength convener is only formed on the connecting surface between the light 
30UrCC aad ^ Cueing plate in the sheet-like light source of the present invention, 
the amount of fluorescent substances which are the wavelength convening materials can 
be saved to thereby decrease costs. 

(0023] Further, since the light source and the light introducing plate are connected 
with the 6 U,tic body comprising fluorescent substances being interposed between in the 
sheet-like light source of the present invention, not only can irradiation from the light 
source be convened into an arbitrary color, but also can the irradiation from me light 
source be introduced into the light introducing plate in an efficient manner though the 
respective connecting surfaces may be somewhat concave or concave by (he anion of 
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the elastic body. 

[Brief Description of the Drawings J 

[Fig. 1] A perspective view showing the sheet-like light source according to the 
present invention. 

[Description of Reference NuAxorals] 
1 .~ Light introducing plate 

2 ~ LED lamp 

3 Supporting body 

4 _ Wavelength converter 
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